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1 Introduction

The issue of gas explosions vented througkfrpipes is a matter of importance for the secwftindustrial
plants. It has been shown in previous papers tigaptesence of a duct to discharge the explosiodugts from
a vessel may severely increase the overpressutesexp The intensification of the combustion ire thessel
was proved to be triggered by a secondary expldsitime initial part of the duct.

We had shown that inserting a wire-net at thizamce of the duct is able to prevent the occegesf the
secondary explosion. According to the surface afdébe insert, it can quench partially or totaletflame, thus
preventing its strong acceleration. The effectiwsnaf the wire net in decreasing the temperatutbe&xhaust
gases was analyzed by means of a nodal thermabriemodel [1].

In this work, we investigate in more detailg ttonditions of flame quenching as function of thamber
length and the ratio of chamber volume to dischargéace, in view of using the model for insertlisca

2 Flame transmission from vessel to duct withouhsert

2.1 Mechanism of flame transmission at the tube entrance

In previous studies [1], flame transmission hasn investigated in a cylindrical plexiglas t@arent vessel
(reference setup : length, 1= 0.385 m, inner diameten&= 0.1 m) fitted with a transparent circular tubhg &
1.6 m, @ = 0.036 m) by recording the self emitted light.véwver, this setup does not allow to fully obsetwe t
passage of the flame from the vessel to the durduse the metallic flange inserted to connect t@mber to
the tube prevents visualization of this zone opagation. Therefore, a series of experiments wefenpeed in a
special setup: a two-dimensional chamber (two feErglass walls) with a duct leading to the open @he
chamber is 0.1 m in width, 0.385 m in length, ar@@B6 m in depth. The duct has the same length $0n38and
is 0.036 m x 0.036 m in cross section. The widtloraf chamber to duct is therefore the same tloampfevious
experiments with the cylindrical apparatus. Morgptiee parallel glass windows are suitable for dimgpthe
schlieren technique with high frame rate video rdicms. Ignition is achieved by a small electrigdtieated
wire, placed on the axis near the closed end oféissel, and overpressure variations in the vegse recorded
by a KISTLER piezoelectric gauge mounted at theselewall (near the ignition point).

Fig. 1 presents typical sequences of flamegagesfom the chamber into the duct for a stoichiim@ropane
air mixture. The process is similar to that deslibin [1], but displays slight differences. In pautar, the
secondary explosion is followed by a backward flofvburnt gases into the chamber (see t = 4 ms), but
contrarily to the case of the cylindrical setupgg® burnt products are immediately carried awaytim duct (t
= 5.3 ms), and do not accelerate the combustidrapped unburned gases in the corners of the chambis is
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confirmed by pressure evolution in the chamber Widecreases before the backward flow enters theloéa
Schlieren records of flame transmission had beefomeed also by lida et al. [2], but in conditiod8ferent
from ours (ratio of discharge section to chambetise very small). It is probably the reason whgyhdid not
observe a secondary explosion at the entrancesdfitie.
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Fig. 1: Selected frames from schlieren records showargd transmission from the chamber into the
first 20 cm of the duct (t = 0 corresponds to thetant of flame entering the duct).

Besides, this series of photographic recoras/ige more details about the thickness of the flamien
entering the duct, and about the velocity profileh@ entrance section of the tube. Thus, in teentlal model
used to analyze heat transfer to the insert [H,déscription of the flow boundary conditions a tipstream
side of the insert can be improved.

2.2 Numerical modelling
In order to get more comprehension of the mead flame propagation in the cylindrical vessal ¢he duct,

we have investigated the problem with the help arhputational fluid dynamics (CFD) simulations. Sami
approach by CFD computations has been undertakemtig by Ferrara et al. [3], to interpret the expental
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results of Ponizy and Leyer [4]. Therefore, we hpegformed two-dimensional axisymmetric simulatiovith
the FLUENT numerical code. The ekmodel has been used to describe the turbulent. fldve turbulent
combustion rate is estimated according to the efislyipation model proposed by Magnussen and Hjertiag.
The net rate of production of specigR,, is given by the smaller of the two expressiorsWwe

- £ YR
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whereA andB are empirical constants, is the stoichiometric coefficient for specied/; the molecular weight
of specied, N the number of chemical species in the systénihe mass fraction of any product spedesnd
Yr the mass fraction of a particular react@nt

The empirical constant A has been evaluatethétghing the calculated time of flame propagatidtiiw the
vessel with that obtained experimentally for a mefice case (large chamber of length £ 0.385 m and
diameter g = 0.1 m, connected with the tube of diametgr#2.036 m). All other simulations reported in this
work have been obtained by using the same valée of

However, it can be noticed that when the flame pgagpes in highly strained regions (especially nlearduct
entrance), or when the secondary explosion ocauttsei duct, the turbulent burning velocity is owtimated by
FLUENT, which can cause divergence of the calcoifesti Consequently, the parameter A needs to beeddat
each time when divergence of calculations is detkct

With these assumptions, the computed pressst@yin the vessel matches quite well with thpezkimental
records (see fig. 2).

Fig. 2: Pressure variations in the vessel : experimensallid line, numerical model — dotted line.
(vessel : ,, =0.385m, @=0.1 m; duct: b = 1.6 m, @ = 0.036m; stoichiometric propane-air mixture;
t = 0 corresponds to the instant of fle entering the du)
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An example of comparison between numerical kitians of flame propagation and experimental rdsas
shown in Fig. 3 :
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Fig. 3: Flame propagation in the vessel and along tlo¢ &) selected displays of computed propane
mass fraction(b) frames from camera records at the same instants

The propane mass fraction is plotted in Fig. @ strong gradient of mass fraction between thproducts
(level 0 on the grey scale) and cold gases allosvdouidentify the position of the flame front afffdient
characteristic steps of flame evolution: laminaogagation (t = - 10 ms), front flame stretched heg tuct
entrance (t = 0.1 ms), secondary explosion (t =rs}, backward flow of burned gases into the veasel
turbulent combustion of pockets of cold gases endbrners (t = 2 ms). Numerical simulations repoadquite
well the flow dynamics of the whole transmissiong@ss.

In previous calculations made with the nodariial model for inserts, a constant flow velocitithwa
uniform gas temperature profile was applied atdbet entrance [1]. Here, the satisfactory agreerhetween
numerical results and experiments justifies using €FD code to predict the parameters of the fleldfi
(temperature, velocity) at the duct entrance, iheorto precise the boundary conditions assignettiénnodal
thermal network model for inserts.

3 Influence of the chamber volume

In many actual industrial conditions, ducts énde be connected to the vent exit in order to @mévhe
spreading of burnt products in the area surrounttisgequipment. Unfortunately, the effect of dadtlition has
not been enough studied; hence, no reliable methadailable to design vent ducts. Several studieshe
development of gas explosions in vented vesselsemiad to a duct have been performed, for example b
Ponizy and Leyer [4] and by Molkov [6]. It was setivat the severe increase of pressure in the véssel
triggered by the occurrence of the secondary eigias the duct.

21°' ICDERS - July 23-27, 2007 - Poitiers 4



Nicolas Henneton Flame Transmission from a Vessel to a Discharge Duct

Here we have investigated the influence ofedéht geometric parameters of the experimentalpsetu
pressure evolution in the chamber and on the psoskEflame transmission or quenching at the tulieaane.
Fig. 4a presents the pressure history for a vesfsetduced length (L= 0.14 m instead of 0.385 m). The
maximum pressure reached in the chamber is dedieasaccordance with the decrease of the ratio &f/S
chamber volume to discharge surface (from ¥/300 to V/S= 100), which is in agreement with existing results
on vessel venting [7].

For this vessel with reduced length, when dishimg the tube diameter down to 0.021 mm so thataintain
the V/S ratio equal to 300 (Fig. 4b), CFD numerisimhulations as well as experiments indicate tmasgure
evolution in the small chamber is similar to thhserved in the longer chamber (0.385 m) with a nfblarger
diameter (0.036 m): the maximum pressure reachadhasit 2 bars, which is close to the value obtainetthe
reference case (1.8 bars, see Fig. 2).

t(ms) t(ms)

Fig. 4. Experimental (solid line) and calculated (dotiied) pressure evolution in the vessel of lengthin :
(a) with tube diameter 0.036 m, (V£5100) ;(b) with tube diameter 0.021 m, (VAS300).

For these new geometrical conditions (chamher10.14 m equipped with the discharge duct of diam@}
= 0.021m), we have calculated with our nodal thérmadel the insert characteristics which would eguired
to quench the flame at the tube entrance. In pwsvigorks [1], we have shown that the process offldrae
transmission within the insert is strongly relatedts geometric characteristics, mainly compacireesd length.
Flame quenching may be achieved via different ar@ythese parameters. For example, in an insint av
given number of rolls, the flame may be totally oeieed when the wire net is sufficiently long. hetsame
insert but with a shorter length, the flame is ipdyt quenched (the flame is stopped in the inserd then
emerges, preventing the occurrence of a secondggston). Under a critical value of the insertdém the
flame is no more quenched: the secondary explasijust delayed and occurs later in the tube.

In the present work, we have first calculated, wlith nodal thermal model, the insert length whichuld be
theoretically required to quench totally the flaatethe tube entrance. Then, experiments were peebwith
inserts having the same number of rolls and ofalédei lengths. The length was diminished progrebsiie
obtain the different processes of flame transmisdRvedictions given by the calculations lead gults in good
agreement with experiments.

Thus, our model seems to be an interestingttoimivestigate conditions of flame quenching éfedént scales
and could be useful to design concrete devicegdenching flames in industrial conditions.
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